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TECHNICAL NOTE
Three-dimensional Contrastless Varicography by
Spiral Computed Tomography
A. Caggiati∗1, S. Ricci1, A. Laghi2, G. Luccichenti3 and P. Pavone3
Departments of 1Anatomy and 2Radiology, University of Rome ‘‘La Sapienza’’ and
3Department of Radiology, University of Parma, Italy
Objective: to report and discuss preliminary results obtained in varicose limbs by means of a volume rendering (VR)-
computed tomography (CT) technique without contrast medium injection.
Materials and Methods: VR-CT and duplex sonography (US) were performed to visualise the superficial veins of the
lower extremity in eight healthy and 12 varicose limbs.
Results: VR-CT clearly demonstrated the 3D arrangement of the superficial veins and visualised small sized veins which
were not visible at US examination.
Conclusions: VR-CT is not suitable for routine evaluation of varicose limbs. VR-CT 3D reconstructions may be useful
in the evaluation of atypical varicosis. Further studies are needed to define the role of VR-CT in deep venous disease.
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Introduction Parameters of acquisition: 125 kVP, 120 mA, Col-
limation/Pitch/Reconstruction 2/4/1. Images were
reformatted at the CT console and transferred in DI-Volume rendering (VR) allows the generation of three-
COM format to a dedicated work station equippeddimensional (3D) images from computed tomography
with the software VITREA 1.2 (Vital Images, U.S.A.).1(CT) volumetric acquisitions. 3D VR-CT can be used
Contrast medium infusion (150 ml of non-ionic iod-to image arteries and the saphenous veins without
inated solution) was given in one subject as visu-contrast.1–3
alisation of the abdominal aorta was also requested.
Images acquisition took 10 min or less. Three-di-
mensional reconstruction took about 40 min.
Methods The venous system was also evaluated by duplex
sonography (US) (10 MHz) in the standing and supine
This study was performed after approval by the local positions.
ethical committee and patients’ consent was obtained.
Eight legs of healthy volunteers (three male, one fe- Results
male; mean age: 42) and 12 limbs from seven subjects
with varicose disease (four male, three female; mean Non-varicose limbs
age 48); CEAP classification: C2, EP, AS 1-5, PR) were
studied. A single acquisition allowed the course and con-
Images were acquired by means of a multidetector nections of each superficial vein to be reconstructed
spiral CT (Siemens Somaton Plus 4 Volume Zoom). (Fig. 1A and B).
The spatial relationships of superficial veins were
preserved as confirmed by axial CT slices and US (Fig.
1C and D). The saphenous trunks were located deep in
∗ Please address all correspondence to: A. Caggiati, Department
the hypodermis. Saphenous collaterals coursed moreof Anatomy, University of Rome ‘‘La Sapienza’’, Via A. Borelli 50,
I-00161, Rome, Italy. superficially.
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Fig. 3. Varicose limb. (A) Primitive varicosis: the GSV (arrows) is
neither dilated nor tortuous. Varicose changes are visible in collateral
vessels connected transversally the GSV and the SSV. Dilatation and
tortuosity of the caudal segment of the SSV is visible. (B) The same
limb as in (A). At higher magnification it is possible to observe
veins of very small calibre (arrows) which are not visible by the
correlated sonographic examination. (C) Correlated axial CT slices
demonstrate that varicose vessels (v) overlay saphenous vein ofFig. 1. Normal limb. (A) 3D VR-CT imaging of the superficial veins.
normal calibre (s). (D) Recurrent varicose veins from a perforatorAnterior view. Note a large collateral vein (cv) ascending parallel
of the upper medial leg. (E) Posterior view of a varicose limb. Theto the GSV; a small branch draining the medial thigh hypodermis
SSV is normal and small hypodermic veins of the whole limb are(b); other tributaries of very small calibre (∗). (B) The same limb
afflicted with varicose changes.under a different perspective. Note a transverse connection between
the GSV and the SSV (arrow). The corresponding CT (C) and
sonography (D) clearly demonstrate the deep position of the GSV
(thick arrow), the membranous layer of the hypodermis (thick
arrowheads) that anchors it to the muscular fascia (mf), and the
sub-dermic path of the collateral vessel (arrow) that in A.
Fig. 2. Sapheno-popliteal junction before (A) and after (B) computational removal of the muscle bells. In (B) the relationships between
popliteal artery (a) and vein (v) are three-dimensionally demonstrated, as well as the short saphenous vein, soleal veins and the GSV.
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The fascial sheath that envelops and anchors the If this is injected directly in a vein of the foot only the
vessels perfused by the solution will be visualised (assaphenous veins (the so-called saphenous ‘‘fascia’’ and
‘‘ligament’’,4 clearly visible in US scanning and in axial for traditional ascending phlebography). If contrast
medium is injected in a vein of the upper limb, allCT slices (Fig. 1C and D) was not reconstructed by
3D VR-CT, as well as the saphenous nerves. the veins of the limb will be visualised (unpublished
personal observations).VR-CT allowed visualisation of saphenous trib-
utaries of very small calibre (less than 1 mm) (Fig. 1A) Contrast medium injection is necessary when vein
patency must be assessed. In fact, contrastless VR-CTwhich could not be visualised by colour and/or power
Doppler sonography. visualises the ‘‘external’’ face of a vessel, not its lumen.
VR-CT varicography is less invasive than traditionalDeep veins could be visualised following removal
of muscles (Fig. 2A and B). This procedure allows a phlebography as no contrast medium injection is re-
quested. The images furnished by VR-CT are moreclear demonstration of the arrangement of the veins at
the sapheno-femoral and sapheno-popliteal junctions. detailed than those by traditional and MR phle-
bography. Time of acquisition is lesser than for tra-
ditional phlebography, that cannot furnish 3D
reconstruction. Further studies are needed to verify
Varicose limbs if VR-CT should be competitive with traditional or
MR phlebography in the evaluation of deep venous
VR-CT furnished a detailed 3D map of the superficial diseases.
veins which could be simultaneously observed from Three-dimensional US reconstructions are not avail-
each perspective and in all faces of the limb (Fig. 3A, able at present. VR-CT shows veins which are not
B and C). visible at US. On the other hand, duplex sonography
Nine limbs showed a ‘‘typical’’ arrangement of var- is less invasive, expensive and time-consuming. Most
icose veins, characterised by a refluent saphenous of the anatomical data furnished by VR-CT (path,
trunk with one or more varicose collaterals. VR-CT connections and size of larger veins) are more easily
clearly demonstrated dilated segments of the sa- furnished by US. US also demonstrates flow direction
phenous trunks and easily discriminated dilated and and, consequently, valvular function. For these reasons
tortuous collaterals from those showing a straight it is our opinion that VR-CT cannot substitute for US
course and a regular calibre (Fig. 3B). VR-CT dem- in the routine evaluation of primitive and ‘‘typical’’
onstrated non-tortuous veins with a calibre <1 mm, varicose veins.
draining in varicose vessels (Fig. 3B) which were not VR-CT seems to be useful when the anatomy of
visualised by US. the varicose bed is atypical, as for angiodysplastic
In three limbs, the varicose was ‘‘atypical’’ (Fig. 3D disorders, recurrency and varicosis of small veins.
and E). In one the greater saphenous vein (GSV) was VR-CT could also be useful in basic investigations
absent and varicose changes afflicted other venous concerning the clinical anatomy, physiopathology and
collectors (accessory saphenous veins).5 In the second pathology of venous disorders.
limb, which had undergone GSV avulsion 8 years
before, VR-CT showed recurrent varices due to di-
latation of small collectors and neovascularisation (Fig. References
3E). In the third limb only small and superficial veins
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structures. IEEE Trans Med Inaging 2000; 19: 12–24.peared normal (Fig. 3D). 2 Verhoeck G, Costello P, Khoo EW et al. Carotid bifurcation
CT angiography: assessment of interactive volume rendering. J
Comput Assist Tomogr 1999; 23: 590–596.
3 Caggiati A, Luccichenti G, Pavone P. Three-dimensional phle-
bography of the saphenous venous system. Circulation 2000, vol.Discussion 102, in press.
4 Caggiati A. Fascial relationships of the Long Saphenous Vein.
Circulation 1999; 100: 2547–2549.Three-dimensional VR-CT comprehensively displays
5 Caggiati A, Ricci S. The caliber of the human Long Saphenousvaricose veins without contrast. Vein and its congenital variations. Ann Anat 2000; 182: 195–201.
Deep veins can also be visualised by excluding
muscles, which takes about 1 h or by injecting contrast. Accepted 11 November 2000
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